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[CLAIMS] 

[Claim 1 ] A sensing membrane for use in a chloride ion-selective electrode 

comprising a chloride ion-selective sensing material which is supported on a substrate 
consisting of a mixture of a polythiol epoxy resin and a polyamide epoxy resin. 

[Claim 2] The sensing membrane for use in a chloride ion-selective electrode of 

claim 1 characterized in that said chloride ion-selective sensing material is a mixture of: 

a) a cyclic quaternary ammonium salt having a plurality of nitrogen atoms per 
molecule, and 

b) an ionic compound of a cyclic quaternary ammonium cation and a high- 
molecular polymer anion. 

[Claim 3] The sensing membrane for use in a chloride ion-selective electrode of 

claim 2 characterized in that said cyclic quaternary ammonium salt is 1,14-distearyl 
bicyclo[2,2,2]octa- 1 , 1 4-diammonium chloride. 

[Claim 4] The sensing membrane for use in a chloride ion-selective electrode of 

claim 2 characterized in that said ionic compound is an ionic compound of (8S,9R)- 
benzyl cinchonidinium cation and polystyrene sulfonate anion. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] 
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The present invention relates to sensing membranes for plastic membrane 
type chloride ion-selective electrodes comprising a chloride ion-selective sensing 
material supported on a substrate made from a polymer material. 

[0002] 

[Technical background] 

The following sensing membranes for chloride ion-selective electrodes used 
for analyzing chloride ions (CI") in solution are known. 

(a) Sensing membranes comprising a solid molded membrane based on silver 
chloride (solid-state membrane type) 

Sensing membranes of this type are robust with mechanical strength and 
good linear response. However, the surfaces of the sensing membranes undergo 
irreversible chemical changes resulting in unstable potentials if other halogen ions such 
as bromine and iodine ions or other ions such as sulfur, cyanogen and thiocyanate ions 
coexist in sample solutions. Another disadvantage is that they are also adversely affected 
by proteins or the like contained in various biological samples so that the potentials in 
such samples are unstable. 

[0003] 

(b) Sensing membranes comprising a sensing material dissolved in a suitable 
organic solvent and supported on a porous substrate such as ceramics (so-called liquid 
membrane type) 

They use quaternary ammonium salts such as methyl tricapryl ammonium 
ion as sensing materials and 1-decanol or the like as solvents. Unlike type (a), sensing 
membranes of this type avoid the use of silver chloride undergoing irreversible chemical 
changes by halogen ions or the like as a sensing material. The quaternary ammonium 
salts used as sensing materials are somewhat adversely affected by these interfering ions 
during potential measurement, but the original potential response performance is 
recovered if these interfering ions are removed. They are known to be more useful than 
the solid-state membrane type (a) because they are less liable to the influence of proteins 
or the like. However, sensing membranes of this type have a short life because organic 
layers containing sensing materials constantly flow out from the sensing membranes. 
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They can be repeatedly used by replenishing organic layers, but the operations of 
replacing organic layers are difficult and tend to cause troubles. They also have other 
disadvantages such as the linear response range of lO^M CI" -10~ 4 M CI*, low sensitivity, 
low mechanical strength and vulnerability to vibration. 

[0004] 

(c) Sensing membranes comprising a sensing material dissolved in a suitable 
organic solvent and supported on a high-molecular polymer substrate such as vinyl 
chloride resins (so-called polymeric liquid membrane type) 

They use quaternary ammonium salts such as tetracetyl ammonium chloride 
as sensing materials and 1-tetradecyl alcohol, o-nitrophenyl ether or the like as solvents 
(JPA SHO 64-23151). Sensing membranes of this type are an improved version of the 
liquid membrane type (b) in which organic layers containing sensing materials are 
supported on a polymer substrate in place of a porous substrate to reduce efflux of the 
sensing materials. Especially when esters such as n-dioctyl phthalate are added as 
plasticizers, almost no organic layers containing sensing materials flow out. However, 
sensing membranes of this type have a narrow linear response range similarly to the 
liquid membrane type (b). Another disadvantage is low selectivity for so-called 
hydrophilic interfering ions such as bicarbonate and acetate ions. Especially when n- 
dioctyl phthalate is used as a plasticizer, their selectivity for so-called lipophilic 
interfering ions such as bromide and nitrate ions is also low. Still another disadvantage is 
unstable potential due to the influence of proteins or the like during measurement of 
various biological samples. 

[0005] 

(d) Sensing membranes using a substrate made from an ionic compound of a 
sensing material such as a quaternary ammonium cation and a high-molecular polymer 
anion (cation > anion) wherein the alkyl chains contained in the sensing material such as 
a quaternary ammonium cation are oriented (so-called molecularly oriented membrane 
type) (JPA SHO 63-265154). 

They use R4 N + type quaternary ammonium salts wherein two R groups have 
longer alkyl chains than the other R groups such as dimethyl distearyl ammonium ion as 
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sensing materials, and polystyrene sulfonate ion as anionic high-molecular polymer. 
Sensing membranes of this type are less liable to the influence of proteins or the like 
(probably because of the hard surfaces of the sensing membranes) and have high linearity 
and response. However, they are poor in selectivity because they tend to be interfered by 
bicarbonate ions contained in many of biological samples. Another disadvantage is low 
mechanical strength. 

[0006] 

(e) Sensing membranes comprising a sensing material gelled with dibenzyl 
sorbitol and embedded and solidified in a polyamide epoxy resin (so-called polymer solid 
membrane type) 

Sensing membranes of this type are characterized by high mechanical 
strength, simple handling and wide linear response range of 1M CI" -10' 5 M CI'. However, 
they have an extremely low response speed, requiring a response time of 60 minutes 
when the response range varies in the range of 1M Cr-10" 5 M CI". 

[0007] 

(f) Sensing membranes wherein the substrate for the sensing material in (e) is 
replaced by a mixture of a polyamide epoxy resin and a vinyl chloride resin (JPB HEI 2- 
40184) 

They use R4 NCI (chloride type of quaternary ammonium salts) such as 
tridodecyl methyl ammonium chloride as sensing materials, and phthalic acid esters such 
as n-dioctyl phthalate as solvents (plasticizers for vinyl chloride resins). Bisphenol type 
epoxy resins and amine type epoxy resin curing agents are used. Sensing membranes of 
this type are an improved version of sensing membranes (e) and relatively robust with 
good linear response range of lO^M CI" -10" 4 M CI". However, they still have a low 
response speed, requiring a response time of about 15 minutes when the response range 
varies in the range of 1M C1"-10' 5 M CI" even though they are improved over sensing 
membranes (e). Moreover, they are liable to interference from halogen ions such as 
iodide ions and nitrate ions. 

[0008] 
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(g) Sensing membranes comprising a sensing material blended into a 
compound having a melting point of room temperature or higher and having at least one 
hydroxyl group in its molecule (so-called unsupported type) (Japanese Patent 
Applications HEI 1-342943 and HEI 2-245177) 

They use quaternary ammonium salts such as ethyl tridodecyl triammonium 
chloride and 1-hydroxyethyl tridodecyl ammonium chloride as sensing materials, and 1- 
tetradecanol or cholesterol or the like as excipients for the sensing materials. Sensing 
membranes of this type have an excellent linear response range of 10 _1 M CI" -10" 4 M CI* 
and excellent ion selectivity because they are less liable to the influence of bromide and 
nitrate ions or the like (so-called lipophilic interfering ions) and bicarbonate and acetate 
ions or the like (hydrophilic interfering ions). However, their mechanical strength is low 
because the excipients used are nothing but organic compounds. Another disadvantage is 
that they are liable to the influence of proteins or lipid components or the like because of 
the lipophilicity of the skeletons of the excipients. 

[0009] 

As described above, conventional chloride ion-selective electrodes had 
advantages and disadvantages. That is, those focusing on linearity (measurable 
concentration range), response (sensitivity), ion selectivity or the like are insufficient in 
mechanical strength, while those using resins for their substrates to ensure mechanical 
strength were poor in sensitivity and ion selectivity. 

[0010] 

[Object of the invention] 

The present invention was made in view of the situation above, and aims to 
provide sensing membranes for chloride ion-selective electrodes having high mechanical 
strength and high resistance to stain and deposition of biological materials such as 
proteins without sacrificing linearity, response and ion selectivity. 

[0011] 

[Summary of the invention] 
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Such object of the present invention was achieved by providing a sensing 
membrane for use in a chloride ion-selective electrode comprising a chloride ion- 
selective sensing material supported on a substrate made from a mixture of a polythiol 
epoxy resin and a polyamide epoxy resin. That is, the present invention focuses on the 
chemical environment provided by the substrate supporting chloride ion-selective sensing 
materials and proposes to use a combination substrate of a relatively hydrophilic 
polythiol epoxy resin and a relatively lipophilic polyamide epoxy resin. This makes it 
possible to control not only the hydrophilicity and lipophilicity of the sensing materials 
but also the hydrophilicity and lipophilicity of the substrate, thereby ensuring excellent 
ion selectivity, linearity and response even if the substrate is resinous. Epoxy resins are 
per se excellent in mechanical strength and robust so that even proteins or the like can be 
readily wiped off if they are deposited. They also have a long life because no sensing 
materials flow out. More excellent ion selectivity can be achieved by using a mixture of 
a) a cyclic quaternary ammonium salt having a plurality of nitrogen atoms per molecule, 
and b) an ionic compound of a cyclic quaternary ammonium cation and a high-molecular 
polymer anion as sensing material. 

[0012] 

[Detailed Description of the Invention] 

Epoxy resins used for substrates are mixtures of a polythiol epoxy resin 
containing a bisphenol type base and a thiol type curing agent and a polyamide epoxy 
resin containing a bisphenol type base and an amine type curing agent. These epoxy 
resins may be two-pack epoxy adhesives. As compared with vinyl chloride resins, 
polythiol epoxy resins have fairly higher hydrophilicity and polyamide epoxy resins have 
higher lipophilicity. The ion selectivity of sensing membranes for ion-selective electrodes 
depends on the sensing materials contained in them as a matter of course, but also the 
properties of other components in the sensing membranes of the electrodes (specifically, 
various solvents, glass fibers added to increase the strength, and substrate, etc.). One 
measure of the influences of such components is the level of hydrophilicity or 
lipophilicity of the material of interest. For example, lipophilic sensing materials (ion 
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exchangers) more strongly respond to anions on the left side of the Hofftneister series 
shown below and more weakly respond to anions on the right side. 
(Lipophilic) CKV > SCN" > I" > N0 3 " > N 3 " >N0 2 " > CI' > HC0 3 " > CH 3 COO' =S0 4 2 " > 
F" > HP0 4 2 " (Hydrophilic) 

[0013] 

Thus, if such relatively lipophilic sensing materials are used, they respond 
more strongly to foreign ions that are lipophilic relative to chloride ions (CI"), thereby 
disturbing measurements. However, there is little interference from hydrophilic ions. If 
such lipophilic sensing materials are supported on a lipophilic substrate, the original 
properties of the sensing materials will be enhanced in the sensing membranes for 
electrodes thus prepared or the sensing membranes will have comparable properties to 
those of the original sensing materials when the substrate has the same lipophilic level as 
the sensing materials. Conversely, if a hydrophilic substrate is used, the electrode tends to 
be less liable to interference from lipophilic ions and more liable to interference from 
hydrophilic ions according to the hydrophilicity level of the substrate. 

[0014] 

Generally, biological samples contain much more hydrophilic ions such as 
HC0 3 ', HPO4 2 " than lipophilic ions (C1CV, SCN', I", Br', N0 3 , etc.) relative to chloride 
ion (Cf), which attaches importance to selectivity for these hydrophilic ions. However, 
selectivity (exclusiveness) for lipophilic ions (especially Br") is also required for 
measuring the chloride ion concentration in the serum/blood of patients who have been or 
are being medicated because these lipophilic ions are often used as counterions in drugs. 
Therefore, it is necessary to exclude interference from both of these hydrophilic ions and 
lipophilic ions. The present invention made it possible to exclude interference from both 
of these hydrophilic ions and lipophilic ions by controlling chemical environments 
including the substrate to control ion selectivity. Moreover, preferred ion selectivity can 
be ensured by appropriately changing the mixing ratio between two epoxy resins having 
different hydrophilicities and lipophilicities depending on the properties of sensing 
materials (the levels of hydrophilicity and lipophilicity). 

[0015] 
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Chloride ion-selective sensing materials used in the present invention can be 
ion exchangers of quaternary ammonium salts conventionally widely used as sensing 
materials. Quaternary ammonium salts having longer alkyl chains are more lipophilic and 
exclude hydrophilic ions. That is, they have higher ion selectivity for hydrophilic 
interfering ions. On the other hand, those having shorter alkyl chains are more 
hydrophilic and have higher ion selectivity for lipophilic ions. Therefore, sensing 
materials used in the present invention are appropriately selected depending on the 
chemical environment provided by the polythiol and polyamide epoxy resins used for the 
substrate. More preferred sensing materials used in the present invention are mixtures of 
a) a cyclic quaternary ammonium salt having a plurality of nitrogen atoms per molecule, 
and b) an ionic compound of a cyclic quaternary ammonium cation and a high-molecular 
polymer anion. 

[0016] 

In quaternary ammonium salts, negatively charged anions are attracted by 
positive charges on nitrogen atoms. Therefore, sensing materials having more charges per 
molecule can attract anions more strongly and have higher sensitivity (electrostatic 
effect). From this viewpoint, the present invention uses a cyclic quaternary ammonium 
salt having a plurality of nitrogen atoms per molecule as one of sensing materials. 

[0017] 

On the other hand, it is necessary to exclude other anions (i.e., interfering 
ions) because such highly charged sensing materials strongly attract not only chloride 
ions but also other anions. Exclusion of interfering ions can be achieved by adjusting the 
length of the alkyl chain of the ammonium salt to control its lipophilicity and 
hydrophilicity as described above. Ammonium salts having longer alkyl chains seem to . 
have low potential response to large interfering anions such as S0 4 2 " because the longer 
chains sterically hinder the approach of these large ions. From this viewpoint of steric 
hindrance, the present invention also uses an ionic compound of a cyclic quaternary 
ammonium cation and a high-molecular polymer anion. 

[0018] 
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An example of the cyclic quaternary ammonium salt having a plurality of 
nitrogen atoms per molecule is 1,14-distearyl bicyclo[2,2,2]octa-l,14-diammonium 

chloride (hereinafter abbreviated as DSB0DA 2+ -2C1') 3 as shown by the structural 

formula below. 
[0019] 




[00201 



An example of the ionic compound of a cyclic quaternary ammonium cation 
and a high-molecular polymer anion is an ionic compound (BC + -PSS') of a (8S,9R)- 
benzyl cinchonidinium cation (hereinafter abbreviated as BC + ) and polystyrene sulfonate 
anion (hereinafter abbreviated as PSS'), as shown by the structural formula below. 

[0021] 



CH, = CH 




mm- ch 2 




\ 



(8S,9R)-Benzyl cinchonidinium cation Polystyrene sulfonate anion 

n (polymerization degree) = 300-3000 
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[0022] 

This ionic compound has a high steric exclusion effect because the 
polystyrene sulfonate anion (PSS') serving as counterion for the cyclic quaternary 
ammonium ion (BC + ) is polymeric. The polymerization degree of PSS* is preferably 
about 300 to about 3000. The ratio between BC + and PSS" is preferably 1 to a slight 
excess of BC + This ionic compound has a network structure of polymer chains, and if the 

DSBODA 2+ • 2C1' described above is trapped in this network structure, both of the 

electrostatic effect of DSBODA 2+ ■ 2C1" and the steric effect of the ionic compound are 

strongly produced. Especially, lipophilic/hydrophilic effects can be optimized and high 
ion selectivity can be achieved according to the present invention by embedding these 
materials in a substrate providing a chemical environment controlled by two epoxy resins. 

[0023] 
[Example l] 

(1) Synthesis of a sensing material (L14-distearyl bicvclo[2,2,2]octa-L14-diammonium 
chloride: DSBODA 2+ ; 2C1~ ) 

Onto 10 g of l,14-diazabicyclo[2,2,2]octane (Wako Pure Chemical 
Industries, Ltd.) was poured 20 ml of dimethyl formamide followed by 200 ml of ethyl 
alcohol and the mixture was heated until dissolution. To this solution was added dropwise 
25 g of 1-iodooctadecane (Tokyo Kasei Kogyo Co., Ltd.) dissolved in 150 ml of dimethyl 
ether with stirring. During then, the liquid temperature was maintained not to exceed 70 
°C. After completion of the dropwise addition and mixing, the mixture was refluxed for 

about 4 hours. After cooling, the content (DSBODA 2+ ■ 21") was filtered off and dried and 

then stored at room temperature. To 5 g of the resulting composition DSBODA 2+ ■ 21" was 

added about 500 ml of ethyl alcohol and the mixture was heated, and after the mixture 
began to boil, it was stirred with 200 ml of concentrated hydrochloric acid. After the 
mixture was allowed to stand for a while, the desired composition rising to the liquid 
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surface (DSBODA ■ 2C1") was collected and recrystallized from ethyl alcohol, then dried 

and stored at room temperature. 
[0024] 

(2) Preparation of an ionic compound (BC + -PSS") 

To 2 g of (8S,9R)-(-)-benzyl cinchonidinium chloride (Aldrich) was added 
10 ml of pure water followed by 5 ml of ethyl alcohol to prepare a solution. Onto this 
alcoholic solution was gently overlaid 1 g of sodium polystyrene sulfonate (Kanebo SSC) 
dissolved in 50 ml of pure water using a Pasteur pipette. The container was capped and 
vigorously agitated up and down several times to precipitate out the desired ionic 
compound. The precipitates were collected and thoroughly washed with pure water under 
aspiration/reduced pressure using a Buchner funnel with a stainless steel sieve (about 115 
meshes). The washed ionic compound was transferred to a Petri dish and wiped with a 
Kimwipe or the like to remove water and then dried. This was triturated to about 25 
meshes in an agate or ceramic mortar and stored at room temperature. 

[0025] 

(3) Preparation of a sensing membrane 

In a mortar, 10 mg of the ionic compound (BC + -PSS") and 2 mg of the 
sensing material (DSB0DA 2+ -2C1") were thoroughly triturated. This mixture was further 
kneaded with 50 mg of a polythiol epoxy resin curing agent and 100 mg of a polyamide 
epoxy resin curing agent. Then, the mixture was quickly and thoroughly kneaded with 50 
mg of a polythiol epoxy resin base and 100 mg of a polyamide epoxy resin base. The 
content of the mortar was crushed into a film thickness of about 0.2 mm between the 
sealing surfaces of a Teflon seal. The epoxy resin between the sealing surfaces of the 
Teflon seal was directly set on a hot plate preheated at 80 °C. After about 5 minutes, the 
cured epoxy resin was stripped off the Teflon seal and placed on a glass plate preheated 
on a hot plate and continually heated. After about 20 minutes, the epoxy resin film was 
stripped off the glass plate and allowed to cool at room temperature. The resulting 
electrode membrane (sensing membrane) was cut into an appropriated size and adhered 
to an end of an electrode cell with a double-sided adhesive tape or a two-pack epoxy 
adhesive. 
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[0026] 

[Comparative examples 1-8] 

For comparison with the example, sensing membranes were prepared in the 
same manner as described in Example 1, (3) except that the epoxy resins of Example 1 
were replaced by the polythiol epoxy resin alone or the polyamide epoxy resin alone or 
only one of the sensing materials was used. The weight ratios of the composition in each 
comparative example are shown in Table 1 below. 
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[0027] 



[Tablell 





Epoxy resin 


Sensing material 


Polyamide 


Polythiol 


DSBODA" + - 
2C1 


BC + -PSS- 
ionic compound 


Base 


Curing agent 


Base 


Curing agent 


Example 1 


lOOmg 


lOOmg 


50mg 


50mg 


2mg 


lOmg 


Comparative 
example 1 






100 


100 


3 




Comparative 
example 2 


100 


100 


- 


- 


3 




Comparative 
example 3 


- 


- 


100 


100 




20 


Comparative 
example 4 


100 


100 


- 


- 




20 


Comparative 
example 5 






100 


100 


2 


10 


Comparative 
example 6 


100 


100 






2 


10 


Comparative 
example 7 


100 


100 


50 


50 


2 




Comparative 
example 8 


100 


100 


50 


50 
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[0028] 

[Comparative example 9] 

A sensing membrane was prepared using polyvinyl chloride as the substrate 
for sensing materials. Into 200 mg of polyvinyl chloride (polymerization degree 1020; 
Nakarai Chemical, Ltd.) was added and dissolved 6 ml of tetrahydrofuran followed by 
130 mg of ethyl tridecyl ammonium chloride synthesized according to Japanese Patent 
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Application HEI 1-342943 and stirring was continued overnight. The solution was 
transferred to a flat Petri dish and dried overnight on a hot plate (30 °C). On the 
following day, the resulting sensing membrane was cut out into the form of an electrode 
cell and attached to an end of the electrode cell using cyclohexanone and dried at room 
temperature for about half a day. 

[0029] 

[Comparative example 10] 

A sensing membrane containing a plasticizer in Comparative example 9 was 
prepared. That is, 360 mg of n-dioctyl phthalate (Wako Pure Chemical Industries, Ltd.) 
was added to the solution of Comparative example 9 to prepare an electrode cell in the 
same manner. 

[0030] 

[Comparative example 1 1 ] 

According to the process of Japanese Patent Application HEI-0 1-342943, an 
electrode cell containing 1-tetradecanol (weight ratio: 80) and ethyl tridodecyl 
ammonium chloride (weight ratio: 20) as sensing materials was prepared (so-called 
unsupported sensing membrane). 

[0031] 

[Comparative example 12] 

To 6 ml of Collodion (Nacalai Tesque, Inc.) were added 100 mg of benzyl 
dimethyl stearyl ammonium chloride and 100 mg of 1 -naphthalene ethanol, and after 
dissolution, the solution was transferred to a flat Petri dish and dried at room temperature. 
When tackiness disappeared, the dish was dried overnight on a hot plate (80 °C), and the 
resulting electrode membrane was cut into an appropriate size and adhered to an end of 
an electrode cell with a double-sided adhesive tape. This sensing membrane is a so-called 
polymeric liquid membrane. 

[0032] 
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[Experimental examples] 

The electrodes of Example 1 and Comparative examples 1-12 were used to 
measure the potential difference from the reference electrode in samples of 10" 4 M to 10" 
l M aqueous KC1 solutions. The structure of the electrode cell is shown in Figure 1. A 
cylindrical electrode case 10 having a sensing membrane 12 of Example 1 at a lower end 
is filled with a 10' 2 M KC1 solution 14, in which an internal electrode 16 consisting of 
Ag/AgCl is immersed. Comparative examples 1-12 have similar structures except for 
their sensing membranes. These electrodes were used in KC1 solutions of various 
concentrations containing interfering ions at a constant concentration (concentration [X]) 
to measure the chloride ion concentration [CI] at which the potential difference deviates 
by 18 mV (or 9 mV for divalent ions), thereby determining the selection coefficient = 
log ([C1]/[X]) for each ion. The linearity was good in the KC1 concentration range of 10' 
4 M to 10 4 M with satisfactory response (2-6 seconds). 

[00331 

Figure 2 clearly shows that Example 1 using two sensing materials supported 
on an epoxy resin mixture has better ion selectivity as a whole as compared with 
Comparative examples 1-8. If the same sensing material is used (e.g., Comparative 
examples 1 vs. 2, Comparative examples 3 vs. 4, and Comparative examples 5 vs. 6), 
selectivity for lipophilic ions (Br" , NO3") decreases but selectivity for hydrophilic ions 
improves when it is supported on a polyamide epoxy resin that is more lipophilic than a 
polythiol epoxy resin. This shows that the ion selectivity of electrodes is influenced by 
the chemical environment provided by the substrate on which the sensing (responsive) 
material is supported. For S0 4 2 " and H 2 P0 4 " ions, Comparative examples 5 and 6 show 
that the effect of mixing the two sensing materials is more pronounced in Comparative 
example 6 using the relatively lipophilic polyamide epoxy resin substrate. However, the 
mixing effect is the most pronounced when a substrate made from the two epoxy resins is 
used as in Example 1 . 

[0034] 

In comparison with Comparative examples 9, 10 corresponding to electrodes 
using currently most common types of sensing membranes, the example the present 
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invention is comparable to them in selectivity for HC0 3 " and CH3COO" ions and superior 
to them in selectivity for S0 4 2 ' and H 2 P0 4 * ions. Especially, selectivity for lipophilic ions 
such as Br' and N0 3 * ions is remarkably higher than these conventional Comparative 
examples 9, 10, even by one order of magnitude (10-fold) or more. In Comparative 
example 1 1 using a so-called unsupported sensing membrane, the basic performance of 
the electrode is better than Example 1, but poor in mechanical strength for structural 
reasons so that biological materials such as proteins are difficult to remove and their 
adverse influences cannot be eliminated if they are deposited. Comparative example 12 is 
an electrode having a polymeric liquid membrane type sensing membrane using 
Collodion, which was good in selectivity for hydrophilic ions but inferior to Example 1 in 
selectivity for lipophilic ions. 

[0035] 

[Advantages of the Invention! 

As described above, the present invention makes it possible to ensure high 
ion selectivity, linearity and response because two epoxy resins having different 
hydrophilicities and lipophilicities, i.e. a polythiol epoxy resin and a polyamide epoxy 
resin are used in combination as a substrate for supporting a chloride ion-selective 
sensing material. Epoxy resins per se have excellent mechanical strength and robustness 
so that even proteins or the like can be readily wiped off and washed with hypochlorous 
acid if they are deposited, and they are also less liable to the influence of proteins in sera. 
They also have a long life because no sensing materials flow out. More excellent ion 
selectivity can be achieved by using a mixture of a cyclic quaternary ammonium salt 
having a plurality of nitrogen atoms per molecule, and an ionic compound of a cyclic 
quaternary ammonium cation and a high-molecular polymer anion as sensing material. 

[BRIEF DESCRIPTION OF THE DRAWING] 
[Figure 

17&N05S2«9&N05S3«O0000S] A sectional view showing the structure of an 

embodiment of a chloride ion-selective electrode according to the present invention. 
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[Figure 2] A diagram showing selection coefficients for various ions in the 
example of the present invention and comparative examples. 
[References in the drawings] 

10 electrode case 

12 sensing membrane 

14 internal solution 

16 internal electrode 
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[Figure 

l.7&N0552-9&N0553==0000Q5] 
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